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EXHAUST PIPE STRUCTURE 



INCORPORATION BY REFERENCE 
[0001] The disclosure of Japanese Patent Application No.2002-299358 filed 
5 on October 11, 2002, including the specification, drawings and abstract, is 
incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

10 [0002] The invention relates to an exhaust pipe structure in which an 

exhaust passageway of exhaust gas discharged from a vehicle-installed engine is 
provided with at least one muffler (silencer). 

2. Description of the Related Art 

[0003] Vehicles are equipped with an exhaust apparatus for discharging 
15 exhaust gas produced in association with the operation of an engine. Such an 
exhaust apparatus generally adopts an exhaust pipe structure in which a catalytic 
converter, a subsidiary muffler, and a main muffler are disposed on an exhaust 
passage in that order from the engine side toward a downstream side, and adjacent 
components are interconnected by a small-diameter exhaust pipe (e.g., see the 4th to 
20 5th columns and FIG. 1 in Japanese Utility Model Publication No. 5-4501). As for 
the components forming the exhaust pipe structure, the catalytic converter is used for 
purification of exhaust gas, and the subsidiary muffler and the main muffler are used 
to reduce the exhaust gas temperature and pressure and to reduce the exhaust noise. 
The subsidiary muffler is employed for the purposes of, for example, solving the 
25 problem of insufficient silencing capability of the main muffler in the case of a long 
exhaust passageway or the like. The main muffler normally adopted has an outer 
cylinder that forms an outer shell portion, and that has a large sectional area and a 
short length. 

[0004] However, if the above-described exhaust pipe structure is applied to 
30 a low-floor vehicle, the location of installation of the main muffler is limited to a 
rearward portion of the vehicle. That is, the main muffler having the above- 
described configuration inevitably has a large sectional area and therefore a large size 
so as to achieve a sufficiently high silencing capability. It is difficult to install the 
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large-size main muffler at a site other than a rearward portion of the vehicle. Thus, 
although the large-size main muffler can be installed a rearward portion of the low- 
floor vehicle in a tolerable fashion, the height of the floor of the main muffler- 
installed location (the rearward portion of the vehicle) cannot be reduced substantially 
to the same level of the floor of the other portions. Since the installation of the main 
muffler requires a relatively high floor level as mentioned above, it becomes difficult, 
for example, in the case of a low-floor sedan, to provide in a rearward portion of the 
vehicle a large luggage space that has a sufficiently great dimension in the vertical 
direction. Furthermore, in the case of a low-floor minivan equipped with a third row 
seat, it is difficult to provide a large third row seat-mounting space having a 
sufficiently great dimension in the vertical direction in a rearward portion of the 
vehicle. Therefore, it is difficult to provide a third row seat with spacious comfort. 

[0005] In the above-described exhaust pipe structure, vibration in a vibration 
mode in which nodes exist in heavy components, such as the catalytic converter, the 
subsidiary muffler, the main muffler, etc., and loops exist in the exhaust pipe (exhaust 
pipe elastic resonance) occurs at about 150 to 200 Hz, due to vibration produced in 
association with the operation of the engine. The vibration is likely to cause 
concentration of stress in junctions between the heavy components and the exhaust 
pipe since, in the junctions, the sectional shape sharply changes. In order to prevent 
the stress concentration from causing deformation or the like, it is necessary to 
increase the strength of the junctions. Measures for increasing the strength of 
junctions are needed particularly if the exhaust pipe is welded to a heavy component. 

STTMMARY OF THE INV ENTION 
[0006] It is an object of the invention to provide an exhaust pipe structure 
that allows a luggage space and a seat-mounting space that are sufficiently large in the 
vertical direction to be provided in a rearward portion of a vehicle. Another object 
of the invention is to provide an exhaust pipe structure that achieves the 
aforementioned object and that mitigates the stress concentration associated with 
vibration so as to eliminate the need to adopt a strength enhancement measure. 

[0007] A first aspect of the invention relates to an exhaust pipe structure that 
has, below a floor of a vehicle, an exhaust passage for exhaust gas discharged from a 
vehicle-installed engine, and that has at least one muffler on an intermediate portion 
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of the exhaust passage. The at least one muffler includes a main muffler having the 
greatest muffler capacity. An external cylinder forming an outer shell portion of the 
main muffler has a circular sectional shape having a diameter of 100 mm to 150 mm, 
or a sectional shape that is substantially equal to an area of the circular sectional 
shape, and the external cylinder has a length of 800 mm to 1200 mm. (first 
construction) 

[0008] According to the first construction, exhaust gas produced in 
association with operation of the engine passes through at least one muffler during the 
passage through the exhaust passageway. The exhaust noise is attenuated by the 
muffler. The main muffler has the greatest muffler capacity among the at least one 
muffler. As for the external cylinder forming an outer shell of the main muffler, the 
diameter of the circular section is as short as 100 mm to 150 mm, and the length 
thereof is as long as 800 mm to 1 200 mm. If the diameter of the external cylinder is 
less than 100 mm, it becomes difficult to secure a muffler capacity that is needed to 
achieve a predetermined silencing capability. If the diameter is greater than 150 
mm, the main muffler becomes inconveniently large in diameter, thus making it 
difficult to design a low floor. If the length of the external cylinder is less than 800 
mm, it become difficult to secure a muffler capacity needed to achieve a 
predetermined silencing capability. If the length is greater than 1200 mm, the main 
muffler becomes inconveniently large in length, thus making it difficult to install the 

main muffler under the floor. 

[0009] In contrast, if the length and the diameter of the external cylinder are 
set within their respective ranges mentioned above, the main muffler becomes narrow 
and long, and it becomes possible to secure a muffler capacity needed to achieve a 
predetermined silencing capability. This setting prevents excessive size increase of 
the main muffler in the direction of diameter, and prevents installation of the main 
muffler under the floor from becoming difficult. 

[0010] Therefore, even in the case of a low-floor vehicle with a small 
ground clearance, the location of installation of the muffler is not limited to a location 
below a luggage space in a rear portion of the vehicle. For example, the main 
muffler can be disposed between the front and rear wheels. Therefore, the 
installation of the muffler does not sacrifice the luggage space, and a luggage space 
that is sufficiently large in the direction of height can be provided in a rear portion of 
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the vehicle. For example, if a third row seat is provided in a space corresponding to 
the luggage space, the above-described construction provides a seat-mounting space 
that is sufficiently large in the direction of height, in a rear portion of the vehicle. 

[0011] A second aspect of the invention relates to an exhaust pipe structure 
that has, below a floor of a vehicle, an exhaust passage for exhaust gas discharged 
from a vehicle-installed engine, and that has at least one muffler on an intermediate 
portion of the exhaust passage. In the exhaust pipe structure, the at least one muffler 
includes a main muffler having the greatest muffler capacity, and an external cylinder 
forming an outer shell portion of the main muffler has a sectional area perpendicular 
to a direction of an axis of the external cylinder which is in a range of 2500k mm 2 to 
56257! mm 2 , and the external cylinder has a length in a range of 800 mm to 1200 mm. 

The Tt is circular constant. 

[0012] The exhaust pipe structure according to the second aspect of the 
invention prevents excessive size increase of the main muffler in the direction of 
diameter, and allows installation thereof under the floor, as in the first aspect of the 
invention. 

[0013] An expansion muffler of the invention means an expanded type 
muffler. 

BPT i7l7 TWSrRTPTTON <™ THR DRAWINGS 
[0014] The foregoing and further objects, features and advantages of the 
invention will become apparent from the following description of preferred 
embodiments with reference to the accompanying drawings, wherein like numerals 
are used to represent like elements and wherein: 

[0015] FIG. 1 is a bottom view of a structure of a lower portion of a vehicle 
in accordance with a first embodiment of the invention; 

[0016] FIG. 2 is a partial perspective view of an exhaust pipe structure; 
[0017] FIG. 3 is an enlarged sectional view taken on line III-III in FIG. 1; 
[0018] FIG. 4 is an enlarged sectional view taken on line IV-IV in FIG. 1; 
[0019] FIG. 5 is a side view indicating a positional relationship among a 
main muffler, a cross member, a joint, a fuel tank, and the like; 

[0020] FIG. 6 is a partial sectional view of an internal structure of the main 

muffler; 
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[0021] FIG. 7 is a partial cutaway side view of a ball joint mechanism; 
[0022] FIG. 8 is a perspective view of a bracket; 

[0023] FIG. 9 is a fragmentary sectional view of an internal structure of a 
main muffler in a second embodiment; 

[0024] FIG. 10 is a fragmentary sectional view of an internal structure of a 
main muffler in a third embodiment; 

[0025] FIG. 1 1 is a fragmentary sectional view of an internal structure of a 
main muffler in a fourth embodiment; 

[0026] FIG. 12 is a fragmentary sectional view of an internal structure of a 
main muffler in a fifth embodiment; 

[0027] FIG. 13 is a side view of a ball joint mechanism in a sixth 

embodiment; 

[0028] FIG. 14 is a fragmentary bottom view of a structure of a lower 
portion of a vehicle in a seventh embodiment; 

[0029] FIG. 15 is a fragmentary bottom view of a structure of a lower 
portion of a vehicle in an eighth embodiment; 

[0030] FIG. 16 is an enlarged sectional view taken on line XVI-XVI in FIG. 

15; 

[0031] FIG. 17 is a fragmentary bottom view of a structure of a lower 
portion of a vehicle in a ninth embodiment; 

[0032] FIG. 18 is a fragmentary bottom view of a structure of a lower 
portion of a vehicle in a tenth embodiment; 

[0033] FIG. 19 is a partially cutaway side view of a flexible joint 
mechanism in accordance with another embodiment of the vibration absorption 
mechanism. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0034] FIRST EMBODIMENT 

A first embodiment of the invention will be described hereinafter with 

reference to FIGS. 1 to 8. 

[0035] FIG. 1 is a schematic diagram illustrating a lower structure of a low- 
floor vehicle 11. In FIG. 1 , the left side represents a forward side of the vehicle 1 1 , 
and the right side represents a rearward side of the vehicle 11. A lower portion of 
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the vehicle 1 1 has a frame and a floor 12 (see FIGS. 2 to 5). The frame includes a 
pair of rocker portions 13, and a plurality of cross members 14, 15, 16, 17 that extend 
in the transverse direction with respect to the vehicle 1 1 (top-bottom direction FIG. 1) 
and are connected to the two rocker portions 13. The forwardmost cross member 14 
is located below a dashboard panel. The cross members 14 to 17 are frame members 
for securing strength and rigidity for the vehicle body, and each have a closed section 

at substantially all sites. 

[0036] The floor 1 2 is roughly divided into a front floor, a center floor, and 
a rear floor. FIG. 1 does not provide an illustration of the floor 12. In FIG. 12, a 
site (space portion) denoted by reference numeral 12 corresponds the floor 12. In 
the floor 12, a portion between the cross members 14, 16 generally corresponds to the 
front floor, and a portion between the cross members 16, 17 generally corresponds to 
the center floor. A portion of the floor 12 extending rearward of the cross member 
17 generally corresponds to the rear floor. If the vehicle 1 1 is a third row seat- 
equipped minivan, the first row seats are disposed on the front floor, and the second 
row seats are disposed on the center floor, and the third row seats are disposed on the 
rear floor. 

[0037] A fuel tank 18 is disposed in a space between the cross members 16, 
17. The position of the fuel tank 1 8 is under the center floor. A portion of the floor 
12 between front wheels 21 and rear wheels 22 has a tunnel portion 23 that extends in 
the longitudinal direction with respect to the vehicle 1 1 and is open downward. The 
tunnel portion 23 is formed by folding or curving a central portion of the floor 12 with 
respect to the transverse direction so as to protrude upward from other portions 
(general portion) of the floor 12 (see FIG. 3). That is, the floor 12 consists of the 
tunnel portion 23 and the general portion. A front end portion of the tunnel portion 
23 is located near the forwardmost cross member 14. A rear end portion of the 
tunnel portion 23 is located near the intermediate cross member 16, that is, near a 
forward surface of the fuel tank 18. Thus, the fuel tank 18 is located rearward of the 
tunnel portion 23. The intermediate cross member 16 is located between the fuel 
tank 18 and a main muffler 29 described below. 

[0038] The floor 1 2, more particularly, the tunnel portion 23, and the cross 
members 15, 16 have the following relationship. As shown in FIG. 3, the cross 
member 15 is made up of three parts, that is, a pair of elongated body portions 15a, 
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and an intermediate portion 15b disposed between the two body portions 15a. The 
body portions 15a extend on the general portion of the floor 12, and are fixed to sides 
of the tunnel portion 23 by welding or the like. The intermediate portion 15b of the 
cross member 15 has a generally inverted "U" shape that conforms to the shape of the 
tunnel portion 23. The intermediate portion 15b is disposed linearly with the two 
body portions 15a, and is fixed to a lower surface of the tunnel portion 23 by welding 
or the like. 

[0039] As shown in FIG. 1, portions of parking brake cables 24 are laid near 
the sides of the tunnel portion 23 and along an axial direction of the tunnel portion 23, 
on the lower surface of the floor 12. The cables 24 mechanically connect an 
operating part provided near a driver's seat, such as a brake pedal, a lever or the like, 
and brake mechanisms (not shown) provided for the rear wheels 22. On the lower 
surface of the floor 12, reinforcements 25 are provided near the two sides of the 
tunnel portion 23, more specifically, between the tunnel portion 23 and the parking 
brake cables 24. The reinforcements 25 extend in the longitudinal direction along 
the tunnel portion 23. A front end portion of each reinforcement 25 is located on or 
near the cross member 14, and a rear end portion thereof is located on or near the 
cross member 16. 

[0040] The vehicle 1 1 is provided with an exhaust pipe structure 27 that has 
an exhaust passageway for discharging exhaust gas produced in association with the 
operation of a vehicle-installed engine 26. As shown in FIGS. 1 and 2, the exhaust 
pipe structure 27 includes components, such as a start catalyst 28, a muffler (silencer), 
etc., that are disposed sequentially in that order from an upstream side to a 
downstream side of the exhaust passageway, and exhaust pipes 31, 32, 33 disposed 
between the components and the like. Among the exhaust pipes 3 1 , 32, 33, the 
exhaust pipe located most downstream will be referred to as "downstream-side 
exhaust pipe 33" for distinction from the other exhaust pipes. 

[0041] The start catalyst 28 is provided for promptly removing harmful 
components from exhaust gas immediately after a cold startup of the engine 26. In 
general, catalytic converters need to be warmed up to at least a predetermined 
temperature in order to normally function. The start catalyst 28 is disposed at a site 
in the exhaust passageway that is relatively close to the engine 26, so that the start 
catalyst 28 is quickly warmed up by exhaust gas. 



8 TFN030095-US 

[0042] The aforementioned muffler is formed only by the main muffler 29 
of an expanded type. The expanded type muffler, as well known, reduces the sound 
level by causing exhaust gas to flow from a narrow passageway into a large-volume 
space. As shown in FIG. 4, a cutout 16a is formed in a lower surface of the cross 
member 16, and receives therein a pipe portion 29a that extends rearward from the 
main muffler 29. Due to this arrangement, at least a portion of a rear end portion of 
the main muffler 29 is at the same height as the cross member 16 as shown in FIG. 5. 
That is, in an elevation view of the vehicle 1 1, at least a portion of the rear end portion 
of the main muffler 29 overlaps with the cross member 16 in the direction of height. 

[0043] As shown in FIG. 6, an outer shell portion of the main muffler 29 is 
formed by an external cylinder 34 that has a generally circular sectional shape. The 
diameter of a most portion of the external cylinder 34, that is, the diameter D of a 
thick portion of the external cylinder 34, is set within the range of 100 mm to 150 
mm, and the length thereof is set within the range of 800 mm to 1200 mm. Thus, the 
external cylinder 34 has a narrow and elongated shape in the longitudinal direction. 

[0044] If the diameter D of the external cylinder 34 is less than 100 mm, it 
becomes difficult to secure a muffler capacity that is needed to deliver the 
predetermined silencing performance, that is, a muffler capacity that is substantially 
equivalent to that of a conventional type muffler. The conventional type muffler is 
formed by a short-length subsidiary muffler having a small sectional area, and a short- 
length main muffler having a great sectional area. The muffler capacity for 
comparison is the total capacity of the subsidiary muffler and the main muffler. The 
muffler capacity is the volume of a space that is associated with sound attenuation. 
If the diameter D of the external cylinder 34 is greater than 150 mm, the main muffler 
29 becomes inconveniently large in the direction of diameter. That is, in the 
designing of the floor 12, the effect of the main muffler 29 on the dimension in the 
vertical direction becomes unignorable, and it becomes difficult to realize a low-floor 
design. 

[0045] Furthermore, if the length L of the external cylinder 34 is shorter 
than 800 mm, it becomes difficult to provide a muffler capacity that is needed in order 
to deliver a predetermined silencing performance. If the length L is greater than 
1200 mm, the main muffler 29 becomes inconveniently large in the direction of 
length, so that it becomes difficult to attach the main muffler 29 to the floor 12. 
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[0046] In contrast, if the diameter D and the length L are set within the 
aforementioned respective ranges, it becomes possible to realize narrow and long 
shape of the main muffler 29 and provide a muffler capacity that is needed to achieve 
a predetermined silencing capability. Furthermore, the setting within the 
aforementioned ranges prevents excessive size increase of the main muffler in the 
direction of diameter, and prevents the attachment of the main muffler 29 to the floor 

12 from becoming difficult. 

[0047] A forward portion of the external cylinder 34 (a left-side portion in 
FIG. 6) has an accommodation chamber 35 in which a catalytic converter 36 is 
disposed. The catalytic converter 36 is a generally termed under-floor catalyst, and 
performs the function of removing harmful components from exhaust gas mainly 
during a warmed-up state of the engine 26. 

[0048] If the catalytic converter 36 is provided separately from the external 
cylinder 34, it is often the case that the catalytic converter 36 and the external cylinder 
34 are interconnected by an exhaust pipe. In contrast, in the embodiment, the 
catalytic converter 36 is contained in the accommodation chamber 35, that is, the 
catalytic converter 36 is integrated with the main muffler 29 without an intervening 
exhaust pipe. 

[0049] The space rearward of the accommodation chamber 35 within the 
external cylinder 34 is divided by a separator 37 into two chambers, that is, a first 
expansion chamber 38 and a second expansion chamber 39. The separator 37 has 
holes (not shown) for communication between the two expansion chambers 38, 39. 
An inlet-side exhaust conduit 41 and an outlet-side exhaust conduit 42 are disposed 
within the external cylinder 34. An upstream end 41a of the inlet-side exhaust 
conduit 41 is communicatively connected to the accommodation chamber 35, and a 
downstream end 41b thereof is open and located in a rearward portion of the second 
expansion chamber 39. An upstream end 42a of the outlet-side exhaust conduit 42 is 
open and located in a portion of the first expansion chamber 38 that is near the 
accommodation chamber 35, and a downstream end 42b thereof is connected to a 
rearward portion of the external cylinder 34. 

[0050] As shown in FIGS. 5 and 8, a bracket 44 having a rod-shaped hook 
43 is fixed to the external cylinder 34. Via the bracket 44, the main muffler 29 is 
elastically supported by the floor 12, with a certain clearance from the wall surface of 
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the tunnel portion 23. More specifically, a vehicle body-side bracket 53 having a 
hook 52 is fixed to the floor 12 near the tunnel portion 23. The two hooks 43, 52 are 
connected by a connector member 54 that is formed of an elastic material, such as 
rubber or the like. Via this connection, the main muffler 29 is hung from the floor 
12 while extending along the axial direction of the tunnel portion 23. Elastic 
deformation of the connector member 54 absorbs displacement, deformation and the 
like caused by vibrations, heat, and the like. 

[0051] As shown in FIG. 1, the forward end portion of the main muffler 29 
is located in a forward portion of the tunnel portion 23, and a rearward end portion of 
the main muffler 29 is located in a rearward portion of the tunnel portion 23. 
Although in the drawings the forward and rearward portions of the external cylinder 
34 are tapered, the external cylinder 34 may be shaped in other manners. 

[0052] The main muffler 29 and the downstream-side exhaust pipe 33 are 
connected by a joint. This joint is provided between the intermediate cross member 
16 and the fuel tank 18. Therefore, the cross member 16 is disposed at a position 
between the main muffler 29 and the joint. 

[0053] In this embodiment, the joint member is a vibration absorption 
mechanism. The vibration absorption mechanism deforms to absorb vibrations 
transmitted between the main muffler 29 and the downstream-side exhaust pipe 33. 
Although various types of vibration absorption mechanisms exist, the embodiment 
employs a ball joint mechanism 45. 

[0054] The ball joint mechanism 45 will be described. As shown in FIG. 
7, a rearward pipe portion 29a of the main muffler 29 has a flange 46, and a seal ring 
47 is attached. The forward end portion of the downstream-side exhaust pipe 33 (the 
left end portion thereof in FIG. 7) is provided with a seal seat 48 that faces the flange 
46. A portion of the seal seat 48 that faces the seal ring 47 has a spherical concave 
surface 48a that covers an outer peripheral surface of the seal ring 47. The flange 46 
and the seal seat 48 are connected via bolts 51 each provided with a compressed coil 
spring 49. That is, the bolts 5 1 extend through the seal seat 48, and are fastened to 
the flange 46. A compressed coil spring 49 is provided between the head of each 
bolt 51 and the seal seat 48. The flange 46 and the seal seat 48 are urged in such 
directions as to clamp the seal ring 47 by the elastic forces of the compressed coil 
springs 49. 
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[0055] In the ball joint mechanism 45 having the above-described structure, 
the outer peripheral surface of the seal ring 47 contacts the concave surface 48a of the 
seal seat 48. Since the seal ring 47 and the seal seat 48 are slidable on each other, 
the pipe portion 29a of the main muffler 29 and the downstream-side exhaust pipe 33 
are pivotable relatively to each other about a spherical center O of the concave surface 
48a. With this structure, the ball joint mechanism 45 absorbs variations in angle 
associated with the connection between the main muffler 29 and the downstream-side 
exhaust pipe 33. Furthermore, the ball joint mechanism 45 absorbs fluctuations in 
the angle of the center line of the main muffler 29 and the center line of the 
downstream-side exhaust pipe 33. Still further, the ball joint mechanism 45 secures 
the sealing of the joint between main muffler 29 and the downstream-side exhaust 
pipe 33. 

[0056] In the above-described exhaust pipe structure 27, exhaust gas 
produced in association with operation of the engine 26 flows sequentially though the 
exhaust pipe 31, the start catalyst 28, the exhaust pipe 32, the main muffler 29, the 
downstream-side exhaust pipe 33, etc., and then is emitted to the outside, as can be 
seen from FIGS. 1 and 2. It should be noted herein that the exhaust pipe structure 
does not have a muffler corresponding to the conventional subsidiary muffler, but has 
only the main muffler 29 as a muffler through which exhaust gas passes. 

[0057] During a cold state of the engine 26, the harmful components in 
exhaust gas are substantially removed mainly during the passage of the exhaust gas 
through the start catalyst 28. In contrast, the harmful components in exhaust gas 
occurring during the warmed-up state are substantially removed during the passage 
through the catalytic converter 36 disposed within the main muffler 29. 

[0058] As indicated in FIG. 6, after the removal of harmful components by 
the catalytic converter 36, exhaust gas exits from the accommodation chamber 35, and 
is led to a rearward portion (the second expansion chamber 39) of the external 
cylinder 34 via the inlet-side exhaust conduit 41. That is, the exhaust gas flows 
rearward through an interior of the external cylinder 34. The second expansion 
chamber 39 is tightly closed, except for the separator 37 disposed at the front end of 
the second expansion chamber 39. In addition, the upstream end 42a of the outlet- 
side exhaust conduit 42 is open and located in the first expansion chamber 38 forward 
of the separator 37. Therefore, the exhaust gas from the downstream end 41b of the 
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inlet-side exhaust conduit 4 1 turns around (reverses) to the forward direction. Then, 
the exhaust gas flows into the first expansion chamber 38 provided forward of the 
separator 37, via a hole of the separator 37. After thus reaching the forward portion 
of the external cylinder 34, the exhaust gas flows into the outlet-side exhaust conduit 
42 via the upstream end 42a. The exhaust gas then flows through the outlet-side 
exhaust conduit 42, that is, the exhaust gas has turned around (reversed) to the 
rearward direction. After being led to the rear portion of the external cylinder 34 via 
the outlet-side exhaust conduit 42, the exhaust gas is let out into the downstream-side 
exhaust pipe 33. The sectional area of passageway of exhaust gas increases at the 
time of flow from the inlet-side exhaust conduit 41 into the second expansion 
chamber 39 and the time of entrance from the separator 37 into the second expansion 
chamber 39. The expansion of exhaust gas due to the increase in the sectional area 
of passageway involves a drop in the pressure of exhaust gas, so that the overall 
pressure of sound (i.e., pressure waves) drops and the sound volume of exhaust noise 
attenuates. 

[0059] The exhaust gas from the inlet-side exhaust conduit 41 flows in the 
first expansion chamber 38 before entering the outlet-side exhaust conduit 42. At 
this time, the exhaust gas contacts a wall of the accommodation chamber 35, and heat 
is transferred from the exhaust gas to the catalytic converter 36 via the wall and the 
like. Due to this heat transfer, the catalytic converter 36 is warmed up, and the 
catalyst temperature is substantially prevented from decreasing. 

[0060] During passage of exhaust gas through the main muffler 29, a portion 
of heat from the exhaust gas is released from the external cylinder 34 toward the fuel 
tank 1 8, as can be understood from FIG. 5 . The cross member 1 6 also functions as a 
heat shield. That is, the cross member 16 disposed between the main muffler 29 and 
the fuel tank 18 blocks propagation of heat. 

[0061] Likewise, while exhaust gas is passing through the main muffler 29, 
a portion of heat from the exhaust gas is released from the external cylinder 34 toward 
the sides of the tunnel portion 23 . The reinforcement members 25 also function as a 
generally termed heat shield members. That is, the reinforcement members 25 block 
propagation of heat from the main muffler 29 to component parts disposed at the sides 
of the tunnel portion 23. 
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[0062] The exhaust pipes 31 to 33 have a smaller sectional area than the 
catalyst temperature 36 and the main muffler 29. Therefore, if the exhaust pipe is 
used to connect the catalytic converter 36 and the main muffler 29, a small-sectional 
area portion exists between the catalytic converter 36 and the main muffler 29, 
resulting in a relatively low rigidity. In contrast, in the first embodiment, the 
catalytic converter 36 is provided integrally with the main muffler 29. That is, the 
embodiment eliminates such a small-sectional area portion as the one formed in a 
structure where an exhaust pipe is used for the connection between the two 
components. Therefore, the first embodiment achieves greater rigidity than the 
structure where the catalytic converter 36 and the main muffler 29 are interconnected 
by an exhaust pipe. 

[0063] In some cases, vibration produced in association with operation of 
the engine 26 causes vibration in a vibration mode in which nodes exist in heavy 
weight components, such as the main muffler 29, the start catalyst 28 and the like, and 
loops exist in the exhaust pipes 3 1 to 33. If a junction portion between an exhaust 
pipe and a heavy component has a sharply changing sectional shape, the 
aforementioned vibration is likely to cause concentrated stress. However, the first 
embodiment does not employ a component corresponding to the conventional 
subsidiary muffler, and therefore has a correspondingly reduced number of junction 
portions between an exhaust pipe and a heavy weight component, that is, a reduced 
number of portions having a sharply changing sectional shape. Thus, the first 
embodiment has a reduced number of sites where concentrated stress is likely to be 
caused by vibration. 

[0064] The vibration transmitted from the main muffler 29 to the 
downstream-side exhaust pipe 33 or in the opposite direction is absorbed or reduced 
by deformation of the ball joint mechanism 45 shown in FIG. 7. Specifically, in the 
ball joint mechanism 45, the seal ring 47 and the concave surface 48a of the seal seat 
48 are slidable on each other, and therefore, the main muffler 29 and the downstream- 
side exhaust pipe 33 are pivotable relative to each other about the spherical center O 
of the concave surface 48a. The relative pivot absorbs vibration transmitted between 
the main muffler 29 and the downstream-side exhaust pipe 33. 

[0065] If the ball joint mechanism 45 is disposed in an intermediate portion 
of the downstream-side exhaust pipe 33, that is, if the ball joint mechanism 45 is 



14 TFN030095-US 

disposed between an exhaust pipe and another exhaust pipe, there is a possibility that 
sufficiently high performance of vibration absorption will not be delivered. That is, 
a portion (exhaust pipe) located upstream of the ball joint mechanism 45 and a portion 
(exhaust pipe) located downstream of the ball joint mechanism 45 have only a small 
weight difference. Therefore, if vibration is transmitted to one of the two portions, 
the two portions move together. In contrast, in the first embodiment, the heavy- 
weight main muffler 29 forms a portion upstream of the ball joint mechanism 45, and 
the light-weight downstream-side exhaust pipe 33 forms a portion downstream of the 
ball joint mechanism 45. Thus, the weight difference between the two components 
is great. Therefore, if vibration propagates from a downstream side to an upstream 
side, and moves the downstream-side exhaust pipe 33, the main muffler 29 remains 
substantially still, or does not significantly move. 

[0066] If an impact occurs on the vehicle 1 1 from a side, the load caused by 
the impact is received and borne by the main muffler 29 disposed within the tunnel 
portion 23 as indicated in FIG. 3. The rigidity of the tunnel portion 23 is enhanced 
by the reinforcements 25 extending near the sides of the tunnel portion 23 and along 
the axial direction of the tunnel portion 23. Therefore, if a side way impact occurs on 
the vehicle 1 1, the load caused by the impact is received and borne by the main 
muffler 29 and the reinforcements 25. 

[0067] If an impact occurs on the vehicle 1 1 from the rear, the impact is 
received and borne by the cross member 16 positioned forward of the ball joint 
mechanism 45 as shown in FIGS. 5 and 7. That is, if an impact occurs on the 
vehicle 1 1 from the rear and a load acts on the exhaust pipe structure 27 in a forward 
direction, the load is received and borne by the ball joint mechanism 45 contacting the 
cross member 16. Thus, the transmission of vibration to the main muffler 29 is 
substantially prevented. 

[0068] The first embodiment achieves the following advantages. 
[0069] (1) The external cylinder 34 is provided with an elongated narrow 
shape, by setting the diameter D of the circular section of the external cylinder 34 
within the range of 100 mm to 150 mm, and setting the length L of the external 
cylinder 34 within the range of 800 mm to 1200 mm. Therefore, although a 
subsidiary muffler is not employed, it is possible to secure a muffler capacity needed 
for predetermined silencing performance, to prevent excessively great diameter of the 
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main muffler 29, and to prevent the mounting of the exhaust pipe structure to the floor 
12 from becoming difficult. 

[0070] Therefore, even in the low-floor vehicle 1 1 having only a small 
clearance from ground, the location of installation of the muffler is not limited to a 
rearward lower portion of the vehicle 1 1, but the main muffler 29 can be disposed 
between the front wheels 21 and the rear wheels 22 as shown in FIG. 1 . If the 
vehicle 1 1 is a low-floor sedan, the luggage space is not reduced for installation of the 
muffler, but a luggage space that is sufficiently large in the vertical direction can be 
provided in a rear portion of the vehicle 11. In the case of a third row seat-equipped 
low-floor minivan, a seat-mounting space that is sufficiently large in the vertical 
direction can be provided in a rear portion of the vehicle 1 1 . 

[0071] (2) Since the main muffler 29 has an elongated narrow shape, the 
diameter of the tunnel portion 23 can be reduced corresponding to the diameter of the 
main muffler 29. Due to the reduced diameter of the tunnel portion 23, the upward 
protrusion of the tunnel portion 23 in the floor 12 is reduced. As a result, the 
occupant foot space can be increased, for example, for the second row seats. 

[0072] In particular, the front end portion of the main muffler 29 is 
positioned in a front portion of the tunnel portion 23. Therefore, the main muffler 29 
has a greater length in the embodiment than in a case where the position of the front 
end portion of the main muffler is changed to an intermediate portion of the tunnel 
portion 23 while the position of the rear end portion of the main muffler remains 
unchanged. Corresponding to the increased length, the diameter of the main muffler 
29 can be reduced while a necessary muffler capacity is maintained. This is 
effective in reducing the diameter of the tunnel portion 23. 

[0073] (3) In comparison with a muffler arrangement formed by a main 
muffler and a subsidiary muffler, a muffler arrangement formed only by the main 
muffler 29 reduces the number of junctions between the exhaust pipes 31 to 3 3 and 
heavy weight components, and reduces the number of sites where the sectional shape 
sharply changes. Therefore, this arrangement reduces the number of sites of stress 
caused by vibration at about 150-200 Hz in a vibration mode in which nodes exist in 
the main muffler 29 and loops exist in the exhaust pipe due to vibration produced in 
association with operation of the engine 26. Hence, the number of sites that need a 
measure for enhancing the rigidity can be correspondingly reduced. 
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[0074] (4) In general, expanded type mufflers deliver higher silencing 
performance than straight mufflers of a sound absorption type, a resonance type, etc. 
Since the first embodiment employs an expanded type muffler as the main muffler 29, 
the first embodiment is able to efficiently attenuate exhaust noise. The resonance 

5 type muffler reduces the volume of sound due to cancellation caused by opposite- 
phase sound waves that occur when sounds resonate in the expanded chamber. The 
sound absorption type muffler reduces the sound volume of exhaust by causing 
exhaust gas to pass through a great surface-area component, such as a flocculent glass 
fiber or the like, whereby friction is produced and kinetic energy of sound waves, that 

10 is, pressure waves, is converted into thermal energy, and the sound waves are 
attenuated. 

[0075] (5) The main muffler 29 is disposed within the tunnel portion 23 

extending in the longitudinal direction relative to the vehicle 1 1 . Therefore, if an 

impact occurs on the vehicle 1 1 in a sideway direction, the load caused by the impact 
15 is received and borne by the main muffler 29, so that inward deformation of the tunnel 

portion 23 can be substantially prevented. 

[0076] (6) The reinforcements 25 are disposed near the sides of the tunnel 

portion 23, on the lower surface of the floor 12. Therefore, if an impact occurs on 

the vehicle 1 1 from a side, the load caused by the impact is received and borne by the 
20 reinforcements 25 in addition to the main muffler 29 mentioned in the above 

paragraph (5). Hence, the deformation of the tunnel portion 23 caused by load can 

be more reliably prevented. 

[0077] (7) When exhaust gas passes through the main muffler 29, a portion 

of heat of the exhaust gas is released from the main muffler 29. In particular, the 
25 expanded muffler allows easy heat transfer, and allows easy heat dissipation from the 

external cylinder 34, compared with the straight type muffler (the sound absorption 

type, the resonance type, etc.). 

[0078] In the first embodiment, the cross member 16 is disposed between 

the main muffler 29 and the fuel tank 18 as shown in FIG. 5, so as to function as a 
30 heat shield. Therefore, the first embodiment prevents an undesired event that heat 

released from the external cylinder 34 of the main muffler 29 is transferred to the fuel 

tank 18 and the fuel tank 18 receives adverse effect of heat (heat damage). This 
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arrangement eliminates the need to provide a separate component for blocking heat, 
and therefore makes it possible to reduce the number of component parts. 

[0079] Furthermore, the expanded type main muffler 29 more readily 
releases heat than the sound absorption type and the resonance type, as mentioned 
5 above. Correspondingly, the amount of heat released from the components 

(downstream-side exhaust pipe 33) located downstream of the main muffler 29 is 
reduced. Therefore, the effect of heat released from the downstream-side exhaust 
pipe 33 on other components (the fuel tank 18, the floor, the rear suspension, etc.) 
does not become a problem, and it is unnecessary to take a measure for reducing the 
10 effect, for example, provide a heat shield plate for reducing the heat damage. 

[0080] (8) In the first embodiment, the reinforcements 25 are provided near 
the sides of the tunnel portion 23 and along the axial direction of the tunnel portion 23 
on the lower surface of the floor 12 as indicated in FIG. 3, as mentioned in the above- 
paragraph (7). The reinforcements 25 block heat transfer from the main muffler 29 
15 to components disposed at sides of the tunnel portion 23, for example, the parking 
brake cables 24. As a result, the first embodiment substantially prevents an 
undesired event that heat from the main muffler 29 causes adverse effect (heat 
damage) on a component part disposed at a side of the tunnel portion 23. This 
arrangement eliminates the need to separately provide a component for blocking heat, 
20 and is effective in reducing the number of component parts. 

[0081] (9) As shown in FIG. 5, the cross member 16 is disposed between the 
main muffler 29 and the joint. Therefore, if an impact acts on the vehicle 1 1 from 
rear and the joint is displaced forward, the joint is received and stopped by the cross 
member 16, so that the transfer of load caused by the impact to the main muffler 29 
25 can be curved. Therefore, the deformation caused by impact can be substantially 

contained in the portion (downstream-side exhaust pipe 33) downstream of the joint, 
and the deformation of main muffler 29 can be substantially prevented. 

[0082] (10) As a joint, a vibration absorbing mechanism (ball joint 
mechanism 45) is provided between the main muffler 29 and the downstream-side 
30 exhaust pipe 33 as shown in FIG. 7. The portion upstream of the vibration absorbing 
mechanism is formed by the heavy-weight main muffler 29, and the portion 
downstream thereof is formed by the light-weight downstream-side exhaust pipe 33. 
Thus, there is a great weight difference between the two portions. Therefore, even if 
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the downstream-side exhaust pipe 33 is moved due to the vibration transmitted from a 
downstream side toward an upstream side, the main muffler 29 can be substantially 
prevented from moving. Therefore, the vibration absorbing mechanism becomes 
more apt to deform, and the vibration absorbing capability can be improved. 

[0083] (1 1) As shown in FIGS. 1, 4 and 5, the main muffler 29 is positioned 
forward of the cross member 16, and the height-direction position of the main muffler 
29 is set such that at least a portion of the rear end portion of the main muffler 29 is at 
the same height as the cross member 16. In this manner, the rear end portion of the 
main muffler 29 overlaps at least partially with the cross member 16 in the direction 
of height. Therefore, if an impact acts on the vehicle 1 1 from front so that a force 
acts on the exhaust pipe structure 27 in the rearward direction, the load can be 
received and borne by the cross member 16 due to the contact between the cross 
member 16 and the main muffler 29. As a result, this arrangement substantially 
prevents an undesired event that the main muffler 29 heated to high temperature due 
to passage of exhaust gas has direct contact with the fuel tank 18, and therefore has 
adverse effect (heat damage) on the fuel tank 18. 

[0084] (12) The catalytic converter 36 is provided integrally with the main 
muffler 29 without an intervening exhaust pipe. Therefore, there is not such a small- 
sectional area portion as the one formed in the case where the catalytic converter 36 
and the main muffler 29 are connected via an exhaust pipe, and therefore the rigidity 
increases. As a result, the catalytic converter 36 and the main muffler 29 can be 
made more resistant to bending, twisting, etc., and can be made less prone to being 
deformed. Furthermore, since the catalytic converter 36 is disposed within the 
accommodation chamber 35 in the external cylinder 34, integration of the catalytic 
converter 36 and the main muffler 29 can be realized by a simple construction. 

[0085] (13) As for the main muffler 29, the upstream end 4 1 a of the inlet- 
side exhaust conduit 41 is connected to the accommodation chamber 35, and the 
downstream-side open end 41b thereof is located in a rear portion of the external 
cylinder 34 as shown in FIG. 6. The upstream-side open end 42a of the outlet-side 
exhaust conduit 42 is located near the accommodation chamber 35, and the 
downstream end 42b thereof is connected to a rear portion of the external cylinder 34. 
Therefore, when exhaust gas flows from the inlet-side exhaust conduit 41 into the 
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second expansion chamber 39, the sectional area of exhaust passage is increased, so 
that the exhaust gas is expanded and the exhaust noise is attenuated. 

[0086] Furthermore, in the main muffler 29, the external cylinder 34, 
forming a portion of the accommodation chamber 35, is in contact with external air. 

5 Therefore, there is a tendency of delay of temperature rise of the catalytic converter 

36. However, when exhaust gas, after flowing from the inlet-side exhaust conduit 41 
into the first expansion chamber 38, flows into the outlet-side exhaust conduit 42, heat 
of the exhaust gas can be transferred to the catalytic converter 36 via the wall of the 
accommodation chamber 35 or the like. Due to the heat transfer, the catalytic 

10 converter 36 is warmed so as to curb decrease in the catalyst temperature and 

therefore curb degradation in the emission control performance. Furthermore, the 
catalyst temperature can be quickly raised, and therefore, the emission control 
performance of the catalyst can be quickly enhanced. 
[0087] SECOND EMBODIMENT 

15 A second embodiment of the invention will be described with reference to 

FIG. 9. In the second embodiment, an exhaust conduit 56 is disposed within an 
external cylinder 34. The exhaust conduit 56 has a length that is approximately 
twice the length of a portion of the exhaust cylinder 34 that excludes an 
accommodation chamber 35 (i.e., expansion chambers 38, 39), and an intermediate 

20 portion of the exhaust conduit 56 is bent so as to form a generally letter-U shape. An 
upstream end 56a of the exhaust conduit 56 is communicatively connected to the 
accommodation chamber 35. A downstream end 56b of the exhaust conduit 56 is 
open and is located in the first expansion chamber 38, near the accommodation 
chamber 35. An intermediate portion of the exhaust conduit 56 is located in a rear 

25 portion of the second expansion chamber 39. The exhaust conduit 56 has a shape 
that can be formed by connecting the downstream end 41b of the inlet-side exhaust 
conduit 41 and the downstream end 42b of the outlet-side exhaust conduit 42 in the 
embodiment via a U-shaped pipe. Except for the above-described construction, the 
second embodiment has substantially the same construction as the first embodiment. 

30 Therefore, components of the second embodiment comparable to those of the first 

embodiment are represented by comparable reference characters in FIG. 9, and are not 
described in detail again. 
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[0088] According to the above-described exhaust pipe structure 27, the 
exhaust gas that has passed through the catalytic converter 36 and therefore has been 
subjected to exhaust gas purification process flows from the accommodation chamber 
35 into the exhaust conduit 56. After being led via the exhaust conduit 56 to the rear 

5 portion of the external cylinder 34, the exhaust gas is turned around in direction in the 
rear portion, and is then led toward a front portion of the external cylinder 34 via the 
exhaust conduit 56. After flowing out of the downstream end 56b of the exhaust 
conduit 56 and entering the first expansion chamber 38 formed forward of the 
separator 37, the exhaust gas moves into the second expansion chamber 39 formed 

10 rearward of the separator 37, via holes of the separator 37. Thus, during this 

passage, the exhaust gas changes its direction again. After flowing rearward in the 
second expansion chamber 39, the exhaust gas is led out into the downstream-side 
exhaust pipe 33. Thus, the sectional area of exhaust passage increases when exhaust 
gas moves from the exhaust conduit 56 into the first expansion chamber 38, and when 

15 exhaust gas moves from the separator 37 into the second expansion chamber 39. 

Due to the expansion and reduction of exhaust gas caused by the increase in sectional 
area, the exhaust noise is attenuated. 

[0089] Furthermore, since the open downstream end 56b of the exhaust 
conduit 56 is located near the accommodation chamber 35, the exhaust gas flowing 

20 forward from the downstream end 56b contacts the rear wall of the accommodation 
chamber 35, so that heat of the exhaust gas is transferred to the catalytic converter 36 
via the rear wall and the like. This heat transfer warms the catalytic converter 36, 
and curbs decease in the catalyst temperature. 

[0090] Therefore, the second embodiment achieves the following 

25 advantages, in addition to the above-stated advantages (1) to (12). 

[0091] (14) The upstream end 56a of the exhaust conduit 56 disposed in the 
external cylinder 34 is connected to the rear wall of the accommodation chamber 35, 
and the downstream end 56b thereof is open and is located near the accommodation 
chamber 35. Therefore, when exhaust gas flows out of the exhaust conduit 56 or the 

30 like, the sectional area of exhaust passage is increased so as to expand the exhaust gas 
and attenuate the exhaust noise. Furthermore, heat of the exhaust gas flowing out of 
the exhaust conduit 56 is transferred to the catalytic converter 36 via the rear wall of 
the accommodation chamber 35 and the like, so as to warm the catalytic converter 36 
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and curb decrease in the catalyst temperature. Therefore, the second embodiment is 
able to curb decrease in the emissions control performance associated with decrease in 
the catalyst temperature similarly to the first embodiment, although the second 
embodiment is different in construction from the first embodiment. Furthermore, the 
second embodiment is able to quickly raise the catalyst temperature and quickly 
enhance the emissions control performance of the catalyst. 
[0092] THIRD EMBODIMENT 

A third embodiment of the invention will be described with reference to FIG. 
10. In the third embodiment, a separator 61 formed by a hollow annular body is 
fitted to an inner wall surface 34a of an external cylinder 34 so that an axial direction 
of separator 61 is same as an axial direction of the external cylinder 34. The 
separator 61 is fixed to the inner wall surface 34a by welding or the like. The space 
within the external cylinder 34 is divided by the separator 61 into a forward-side 
accommodation chamber 35 and a rearward-side expansion chamber 65. The 
accommodation chamber 35 contains a catalytic converter 36 as in the first 
embodiment. An upstream-side wall surface 62 of the separator 61 is an inclined 
surface in which points located further downstream are progressively closer to the 
center. In this embodiment, the upstream-side wall surface 62 has a taper shape that 
decreases in diameter toward a downstream side. In the third embodiment, a 
downstream-side wall surface 63 of the separator 61 has a taper shape that decreases 
in diameter toward an upstream side. The accommodation chamber 35 and the 
expansion chamber 65 are interconnected in communication via a central hole 64 of 
the separator 61 (hereinafter, referred to as "central hole portion"). Except for the 
above-described features, the third embodiment has substantially the same 
construction as the first embodiment. Components of the third embodiment 
comparable to those of the first embodiment are represented by comparable reference 
characters in the FIG. 10, and are not described in detail again. 

[0093] According to the above-described exhaust pipe structure 27, when 
the exhaust gas that has passed through the catalytic converter 36 and therefore has 
been subjected to an exhaust gas purification process flows out of the accommodation 
chamber 35, the exhaust gas passes through the separator 61 . During this passage, 
the exhaust gas is concentrated toward the central hole portion 64 by the tapered 
upstream-side wall surface 62. After passing through the central hole portion 64, the 
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exhaust gas flows into the expansion chamber 65. Then, the exhaust gas flows 
rearward in the external cylinder 34, and is let out into the downstream-side exhaust 
pipe 33 via a pipe 29a of the main muffler 29. When exhaust gas moves from the 
central hole portion 64 into the expansion chamber 65, the sectional area of exhaust 
passage increases, so that expansion of exhaust gas attenuates the exhaust noise. 
Thus, the separator 61 reduces the noise of exhaust gas by changing the sectional area 
of exhaust passage. In addition to this silencing effect, the separator 61 achieves a 
flow smoothing effect of concentrating exhaust gas along the upstream-side wall 
surface 62 toward a central portion of the external cylinder 34 and thus causing 
smooth flow. 

[0094] Therefore, according to the third embodiment, the following 
advantages can be achieved in addition to the aforementioned advantages (1) to (12). 

[0095] (15) The separator 61 formed by a hollow annular body is provided 
along the inner wall surface 34a of the external cylinder 34. Due to the adoption of 
the hollow annular body, the separator has an increased rigidity, so that the strength of 
the main muffler 29 will increase and the shock (or vibration) resistance will improve. 

[0096] (16) At least the upstream-side wall surface 62 of the separator 61 is 
tapered so that the diameter thereof decreases toward a downstream side. Therefore, 
the separator 61 achieves a flow smoothing effect in addition to the silencing effect. 
The separator 61, being a single component, accomplishes the exhaust gas flow 
smoothing effect and the silencing effect. Therefore, the number of component parts 
required is less than in a case where separate members are used to achieve the flow 
smoothing effect and the silencing effect. 

[0097] FOURTH EMBODIMENT 

A fourth embodiment of the invention will next be described with reference to 
FIG. 11. In the fourth embodiment, a main muffler 29 is provided with a sensor 66 
that contacts exhaust gas and detects information regarding the exhaust gas. 
Examples of the sensor 66 include an oxygen sensor that detects the concentration of 
oxygen in exhaust gas, an exhaust temperature sensor that detects the temperature of 
exhaust gas, a NOx sensor that detects nitrogen oxides NOx in exhaust gas, etc. The 
sensor 66 is disposed so that an axis 67 of the sensor 66 is perpendicular to a center 
line 68 of an external cylinder 34. The sensor 66 extends through at last an inner 
wall 69 of a separator 61. A major portion of the sensor 66 is located in an internal 
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space of the separator 61 . A detection portion 66a provided at a distal end of the 
sensor 66 is protruded into a central hole portion 64. The sensor 66 is fixed to the 
separator 61, at least at the inner wall 69 thereof. If the sensor 66 is elongated as 
shown in FIG. 1 1, the sensor 66 may extend through the external cylinder 34 as well 
as the inner wall 69 of the separator 61 . If the sensor 66 is short (not shown), the 
sensor 66 may extend through only the inner wall 69. Except for the above- 
described construction, the fourth embodiment has substantially the same construction 
as the third embodiment. Therefore, components of the fourth embodiment 
comparable to those of the third embodiment are represented by comparable reference 
characters in FIG. 11, and are not described in detail. 

[0098] According to the above-described exhaust pipe structure 27, when 
exhaust gas collected along the tapered upstream-side wall surface 62 toward the 
central hole portion 64 of the separator 61 passes through the central hole portion 64, 
the exhaust gas contacts the detection portion 66a of the sensor 66. Thus, a 
characteristic of the exhaust gas is detected by the sensor 66. For example, if the 
sensor 66 is an oxygen sensor, the concentration of oxygen in exhaust gas is detected. 
If the sensor 66 is an exhaust temperature sensor, the temperature of the exhaust gas is 
detected. If the sensor 66 is a NOx sensor, nitrogen oxides NOx in exhaust gas is 
detected. 

[0099] Therefore, the fourth embodiment achieves the following 
advantages, in addition to the aforementioned advantages (1) to (12) and the 
advantages (15) and (16). 

[0100] (17) The sensor 66 is attached to the separator 61, with the detection 
portion 66a being protruded into the central hole portion 64 of the separator 61. 
Therefore, if a characteristic of exhaust gas, such as concentration, exhaust gas 
temperature, etc., greatly varies in directions of diameter of the external cylinder 34 
(the top-bottom direction in FIG. 1 1), the characteristic of exhaust gas can be 
substantially uniformed as the exhaust gas is collected toward the central hole portion 
64 of the separator 6 1 . Since the detection portion 66a is disposed in the central hole 
portion 64, it becomes possible to detect the target characteristic concerned with 
reduced variation and improved precision. 

[0101] (18) If the separator 61 were not employed and the sensor 66 were 
fixed to only the external cylinder 34, the sensor 66 would need to have a length that 
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is greater than or equal to the radius of the external cylinder 34, in order to locate the 
detection portion 66a in a central portion of the external cylinder 34. In the fourth 
embodiment, the sensor 66 is fixed at least to the inner wall 69 of the separator 61. 
Therefore, the sensor 66 does not need to have a length that is greater than or equal to 
the radius of the external cylinder 34. Hence, it is not necessary to use a specially 
large Gong) sensor in order to locate the detection portion 66a in a central portion of 
the external cylinder 34. That is, if the sensor is relatively short, the sensor can be 
mounted with the detection portion 66a being located in the central hole portion 64. 
[0102] FIFTH EMBODIMENT 

A fifth embodiment of the invention will next be described with reference to 
FIG. 1 2. In the fifth embodiment, a bracket 44 is provided on an outside surface of a 
portion of the external cylinder 34 that corresponds to a separator 61. The 
construction of the bracket 44 is substantially the same as the construction described 
above in conjunction with the first embodiment. Except for the above-described 
construction, the fifth embodiment has substantially the same construction as the third 
embodiment. Therefore, members of the fifth embodiment comparable to those of 
the third embodiment are represented by comparable reference characters in FIG. 12, 
and are not described in detail again. 

[0103] According to the exhaust pipe structure 27, the main muffler 29 is 
elastically supported by the floor 12 while hanging from the floor 12, via the bracket 
44, the connector member 54, the vehicle body-side bracket 53, etc. (see FIG. 5). 
Elastic deformation of the connector member 54 absorbs deformation caused by heat 
of exhaust gas, changes of the mounting position caused by vibration produced in the 

vehicle body, the engine 26, etc. 

[0104] Since the gas in the hollow separator 61 achieves a heat insulation 
effect, transfer of heat of exhaust gas to the outside of the external cylinder 34 via the 
separator 61 is less likely. In the fifth embodiment, since the bracket 44 is provided 
on the outside of a portion of the external cylinder 34 that corresponds to the separator 
61, transfer of exhaust gas heat to the bracket 44 or the connector member 54 is less 
likely. 

[0105] The fifth embodiment achieves the following advantages, in addition 
to the advantages (1) to (12), and (15) and (16). 
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[0106] (19) Taking into account the heat insulating effect of the air present 
in the hollow separator 61, the bracket 44 is provided on the outside of a portion of 
the external cylinder 34 corresponding to the separator 6 1 . Therefore, it is possible 
to curb rise in the temperature of the bracket 44 and the connector member 54 due to 
radiation and conduction of heat from exhaust gas. Hence, it becomes possible to 
dispose the connector member 54 closer to the external cylinder 34 while securing 
heat resistance of the connector member 54. Thus, the bracket 44 can be reduced in 
size. 

[0107] SIXTH EMBODIMENT 

A sixth embodiment of the invention will next be described with reference to 
FIG. 13. In the sixth embodiment, a pipe portion 29a of a main muffler 29 and a 
downstream-side exhaust pipe 33 are joined so that their center axes 76, 77 intersect 
with each other. If the main muffler 29 and the downstream-side exhaust pipe 33 are 
disposed collinearly, that is, if the both center axes 76, 77 do not intersect with each 
other, there is a possibility that the main muffler 29 and the downstream-side exhaust 
pipe 33 may fail to pivot about a spherical center O of a concave surface 48a when 
load occurs in the direction of the axis. In that case, the ball joint mechanism 45 
does not deliver full performance of vibration absorption. Except for the above- 
described construction, the sixth embodiment has substantially the same construction 
as the first embodiment. Therefore, components of the sixth embodiment 
comparable to those of the first embodiment are represented by comparable reference 
characters in FIG. 13, and are not described in detail again. 

[0108] Therefore, the sixth embodiment achieves the following advantages, 
in addition to the advantages (1) to (13). 

[0109] (20) Since the main muffler 29 and the downstream-side exhaust 
pipe 33 are disposed so that the center axes 76, 77 thereof intersect with each other, 
the relative pivoting of the two members about the spherical center O of the concave 
surface 48a becomes easy. Therefore, if load occurs in the direction of axis, the ball 
joint mechanism 45 more readily changes its shape. Thus, the vibration absorption 
capability improves. 

[0110] SEVENTH EMBODIMENT 

A seventh embodiment of the invention will next be described with reference 
to FIG. 14. In the seventh embodiment, a separator 37 (or 61) dividing the interior 
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of an external cylinder 34 into two spaces in the direction of length is located on or 
near an axis 81 of a cross member that intersects with a main muffler 29. The cross 
member may be an existing member (cross member 15), or may be a newly provided 
member. Except for the above-described construction, the seventh embodiment has 
substantially the same construction as the first embodiment. Hence, components of 
the seventh embodiment comparable to those of the first embodiment are represented 
by comparable reference characters in the FIG. 14, and are not described in detail 
again. 

[0111] According to the above-described exhaust pipe structure 27, if the 
vehicle 1 1 receives a sideway impact, a portion of the impact is transmitted to the 
main muffler 29 via the cross member 15. A portion of the main muffler 29 
corresponding to the cross member 15 is provided with the separator 37 (or 61), so 
that the rigidity of that portion is enhanced by the separator 37 (or 61). Therefore, 
the impact is received and borne by the separator 37 (or 61). 

[0112] The seventh embodiment achieves the following advantage in 
addition to the advantages (1) to (13). 

[0113] (21) In the external cylinder 34, the separator 37 (or 61) is provided 
on or near the axis 81 of the cross member 15, thereby enhancing the rigidity of a 
portion of the external cylinder 34 corresponding to the cross member 15. 
Therefore, if an impact occurs sideway on the vehicle 1 1, and is transmitted to the 
external cylinder 34 via the cross member 15, the impact can be received and borne 
by the separator 37 (or 61). Thus, the impact resistance can be improved. 

[0114] EIGHTH EMBODIMENT 

An eighth embodiment of the invention will next be described with reference 
to FIGS. 15 and 16. In the eighth embodiment, a cross member 16 is disposed 
rearward of a joint 86 that connects a main muffler 29 and a downstream-side exhaust 
pipe 33 and, more specifically, is disposed between the joint 86 and a fuel tank 18. 
The downstream-side exhaust pipe 33 is disposed so as to extend through a cutout 16a 
that is formed in the cross member 16. Due to this arrangement, at least a portion of 
the cross member 16 is at the same height as the joint 86. As for the joint 86, it is 
possible to employ a device similar to the vibration absorption mechanism (ball joint 
mechanism 45) employed in the first embodiment. It is to be noted that the floor 12 
is not shown in FIG. 16. Except for the above-described construction, the eighth 
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embodiment has substantially the same construction as the first embodiment. 
Therefore, components of the eighth embodiment comparable to those of the first 
embodiment are represented by comparable reference characters in FIGS. 15 and 16, 
and are not herein described in detail. 

[0115] According to the above-described exhaust pipe structure 27, the joint 
86 is located forward of the cross member 16. Furthermore, at least a portion of the 
cross member 16 is at the same height as the joint 86. That is, the cross member 16 
and the joint 86 overlap with each other in the direction of height. Therefore, even if 
an impact occurs on the vehicle 1 1 from the front so that a load toward the rear occurs 
on the exhaust pipe structure 27, the load is received and borne by impingement of the 

joint 86 on the cross member 16. 

[0116] Therefore, the eighth embodiment achieves the following advantages 
in addition to the advantages (1) to (8), and (10), (12) and (13). 

[0117] (22) The cross member 1 6 is disposed between the joint 86 and the 
fuel tank 18. Furthermore, at least a portion of the cross member 16 is at the same 
height as the joint 86. Therefore, even if an impact occurs on the vehicle 1 1 from 
the front, the load caused by the impact is received and borne by the joint 86 
impinging on the cross member 16. Thus, the embodiment substantially prevents the 
contact of the main muffler 29 having high temperature with the fuel tank 18. 

[0118] NINTH EMBODIMENT 

A ninth embodiment of the invention will next be described with reference to 
FIG. 17. In the ninth embodiment, a subsidiary muffler 91 is disposed downstream 
of a main muffler 29 on the exhaust passage, for example, near an inward side of a 
rear wheel 22. The subsidiary muffler 91 has a smaller muffler capacity than the 
main muffler 29. The subsidiary muffler 91 may be, for example, a straight muffler 
of a sound absorption type, a resonance type, etc. Except for the above-described 
construction, the ninth embodiment has substantially the same construction as the first 
embodiment. Therefore, components of the ninth embodiment comparable to those 
of the first embodiment are represented by comparable reference characters in the 
FIG. 17, and are not described in detail again. 

[0119] According to the above-described exhaust pipe structure 27, exhaust 
gas produced in association with operation of the engine 26 passes through the 
exhaust passage in the order of main muffler 29, the downstream-side exhaust pipe 33 
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and the subsidiary muffler 9 1 . Therefore, the exhaust noise is attenuated by the 
subsidiary muffler 91 in addition to the main muffler 29. 

[0120] Therefore, the ninth embodiment achieves the following advantages 
in addition to the advantages (1), (2), and (4) to (13). 

[0121] (23) In the exhaust passage, the subsidiary muffler 9 1 is disposed 
downstream of the main muffler 29, so that the subsidiary muffler 91 assists the main 
muffler 29 in attenuation of exhaust noise. Therefore, the muffler capacity of the 
main muffler 29 can be reduced by an amount corresponding to the assist from the 
subsidiary muffler 9 1 , for a fixed level of attenuation of exhaust noise. Hence, the 
main muffler 29 can be reduced in size. 

[0122] Furthermore, since the muffler capacity of the subsidiary muffler 9 1 
is smaller than that of the conventional main muffler, the addition of the subsidiary 
muffler 91 does not considerably affect the reduced-height design of the rear floor. 
[0123] TENTH EMBODIMENT 

A tenth embodiment of the invention will next be described with reference to 
FIG. 18. In the tenth embodiment, a catalytic converter 36 is not disposed within a 
main muffler 29, but an under-floor catalyst 96 as a catalytic converter is provided 
separately from the main muffler 29. The under-floor catalyst 96 is disposed in a 
forward portion of a tunnel portion 23. The main muffler 29 is disposed within the 
tunnel portion 23 so that a front end portion of the main muffler 29 is located 
immediately rearward of the under-floor catalyst 96. For connection between the 
under-floor catalyst 96 and the main muffler 29, it is desirable to avoid the use of an 
exhaust pipe. For example, the main muffler 29 may be directly joined to a rear 
portion of the case of the under-floor catalyst 96 by welding or the like. 
Furthermore, the rear portion of the case may have a tapered portion that 
progressively reduces in diameter toward the rear end. A small-diameter portion of 
the tapered portion may be directly joined to the main muffler 29 by welding or the 
like. Except for the above-described construction, the tenth embodiment has 
substantially the same construction as the first embodiment. Therefore, components 
of the tenth embodiment comparable to those of the first embodiment are represented 
by comparable reference characters in FIG. 18, and are not described in detail again. 

[0124] According to the above-described exhaust pipe structure 27, exhaust 
gas is purified when passing through the under-floor catalyst 96. After passing 
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through the under-floor catalyst 96, the purified exhaust gas immediately flows into 
the main muffler 29. The noise of exhaust gas is attenuated during the passage 

through the main muffler 29. 

[0125] Therefore, the tenth embodiment achieves the following advantages 

in addition to the advantages (1) to (1 1), and (13). 

[0126] (24) The front end of the main muffler 29 disposed within the tunnel 
portion 23 is located immediately rearward of the under-floor catalyst 96 disposed in 
a forward portion of the tunnel portion 23. Therefore, assuming that the rear end 
portion of the main muffler 29 is at a predetermined position, the main muffler 29 is 
provided with a greater length in the tenth embodiment than a case where the front 
end portion of the main muffler 29 is located in an intermediate portion of the tunnel 
portion 23. If the main muffler 29 has an increased length, the diameter of the main 
muffler 29 can be reduced accordingly while a required muffler capacity is secured. 
Therefore, the tenth embodiment is effective in reducing the diameter of the tunnel 
portion 23. 

[0127] Furthermore, since the main muffler 29 is disposed immediately 
rearward of the under-floor catalyst 96, the rigidity increases, and the vibration 
resistance of the connecting portion between the main muffler 29 and the under-floor 

catalyst 96can be enhanced. 

[0128] The invention can be carried out in still other embodiments as 

described below. 

[0129] Although in the foregoing embodiments, the external cylinder 34 of 
the main muffler 29 has a circular sectional shape, the external cylinder may instead 
have a non-circle sectional shape while having a sectional area substantially equal to 
the area (i.e., 2500* mm 2 to 5625* mm 2 ) of the circular section of the circular 
sectional shape main muffler 29. Examples of the non-circle sectional shape include 
an elliptical shape, a polygonal shape, etc. 

[0130] The construction of the ball joint mechanism 45 may be changed to a 
construction in which the seal ring 47 is disposed on the downstream-side exhaust 
pipe 33, and the seal seat 48 is attached to the pipe portion 29a of the main muffler 29. 

[0131] As for the vibration absorption mechanism, the ball joint mechanism 
45 may be replaced by a flexible joint mechanism 101 shown in FIG. 19. In the 
flexible joint mechanism 101, the pipe portion 29a (rear portion) of the main muffler 
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29 and the downstream-side exhaust pipe 33 are connected by a connecting pipe 103 
that is formed of an elastic material. The connecting pipe 103 is surrounded by a 
bellows member 104. Thus, the main muffler 29 and the downstream-side exhaust 
pipe 33 are movably connected. Vibration transmitted between the main muffler 29 
and the downstream-side exhaust pipe 33 is absorbed due to elasticity of the bellows 
member 104. 

[0132] In the first embodiment, it is appropriate that at least a portion of the 
rear end portion of the main muffler 29 be at the same height as the cross member 16. 
Therefore, the main muffler 29 does not altogether need to be parallel to the tunnel 
portion 23, but may be disposed in a vertically inclined posture relative to the tunnel 
portion 23. 

[0133] As for the separator 6 1 in the third to fifth embodiments, it is 
appropriate that the upstream-side wall surface 62 inclines so that downstream 
portions of the wall surface are closer to the center. Therefore, the upstream-side 
wall surface 62 does not always need to be a taper surface, but may be, for example, 
the group of side faces of a pyramid, such as a quadrangular pyramid and the like, that 
is, may be formed by a group of flat surfaces. 

[0134] The vehicles to which the exhaust pipe structure of an embodiment 
of the invention is applicable are low-floor vehicles among sedans, station wagons, 

hatch backs, minivans, etc. 

[0135] An essential construction requirement of the first embodiment is that 
only the long and narrow main muffler 29 having the aforementioned diameter D and 
the aforementioned length L be employed as a muffler. Other components of the 
first embodiment may be suitably omitted. The omission of components may be 
similarly accomplished in the second and other embodiments, which are partially 
modified from the first embodiment. 



